Background. Left ventricular (LV) hypertrophy is a predictor of cardiovascular events in adults and has been observed in children and adolescents with hypertension. We wanted to establish the determinants of LV mass in normotensive preadolescent children. Our objectives were 1) to produce a simplified and generalizable model of the clinical variables that determine normal cardiac growth during childhood and 2) to understand better why males have an increased LV mass relative to females, even as children.
a18 showed that in school-age children, LV mass, corrected for body size, is significantly greater in children in the upper blood pressure quintile than for children in the lower blood pressure quintiles.
We chose to study a group of normotensive 11-yearold children to establish the determinants of LV mass in normotensive preadolescent children. Our main objective was to produce a simplified and generalizable model of the clinical variables that determine normal cardiac growth during childhood. A secondary objective was to ascertain whether preadolescent girls have a smaller LV mass than boys, as has been reported for most other study populations, and whether variations in the determinants of LV mass underlie this sex difference. We hypothesized that even in such a homogeneous group, weight would be the strongest predictor of LV mass.
Methods

Study Population
Two hundred forty-three 11- 
Statistical Analysis
Statistical analysis consisted of stepwise regression of the possible determinants of LV mass. The variables entered into the equation included the variables shown in Tables 1 and 2 and the resting hemodynamic variables shown in Table 3 . Skin-fold thicknesses (sum and individual), wall stress, left atrial diameter, and shortening fraction were also included. A preliminary analysis showed that exercise hemodynamic variables were no more important than resting variables, and exercise variables were therefore eliminated from the analysis. A variable was added to the model if its associated F statistic was <0.15. Once a new variable was added to the model, only those variables with an F statistic of .0.05 were retained. Mean square estimates for these variables were used to calculate their relative contributions to the variance of LV mass. Pooled t tests were used to test for differences in variables between boys and girls. Predictor models of LV mass were constructed by stepwise linear regression for the whole sample and by sex. Models were similarly constructed for the lowest weight quartile, for the middle two quartiles, and for the highest weight quartile.
Results
The demographic characteristics of the children enrolled in this study are shown in Table 1 . The children ranged in age from 10.9 to 11.9 years. The girls were slightly more sexually developed than the boys (mean Tanner stage 2.2 versus 1.8). There were no significant differences by sex in any of the indexes of body size (Table 2 ). There were, however, significant sex differences in skin-fold thicknesses, a measure of body fat, with girls having greater biceps, triceps, subscapular, and total skin-fold thicknesses (Figure 1 ). The hemodynamic variables of the subjects are shown in Table 3 . The average resting heart rate was lower in the boys. There was no sex difference in resting blood pressure. The boys significantly outdistanced the girls during exercise testing. Similarly, the submaximal heart rate (measured at 350 kg-m/min) was significantly lower in the boys.
Echocardiographic measurements are shown in Table  4 . The LV mass and LV mass indexed for body surface area were significantly different between boys and girls, averaging almost 9 g greater for boys than for girls. Each of the variables used in the equation to calculate LV mass was significantly larger in the boys except for septal thickness. There were no significant differences between boys and girls in shortening fraction, wall stress, left atrial diameter, or relative wall thickness.
The determinants of LV mass in our population, by stepwise multiple regression, explained 49% of the variance among individuals overall. The determinants, in order of significance, were weight, suprailiac skin-fold thickness, sex, heart rate, systolic blood pressure, and diastolic blood pressure (Figure 2) . None of the exercise variables were better predictors of LV mass than were the resting parameters.
The determinants of LV mass were different for boys and girls (Figure 2 ). For boys, the determinants explained 41% of the total variance and included weight, suprailiac skin-fold thickness, systolic blood pressure, and heart rate. In girls, 48% of the variance was explained by weight, suprailiac skin-fold thickness, and heart rate; blood pressure was not a determinant. Of note, suprailiac skin-fold thickness and heart rate were negatively correlated with LV mass in all groups. The variables that did not contribute to the variance in LV To examine whether the determinants of LV mass differed in thin children compared with heavier children, subjects were grouped by body mass index quartile: Group 1 comprised subjects in the lowest quartile, group 2 the 25th-75th percentile, and group 3 the highest quartile (Table 5 ). The ratio of boys to girls was similar in each group. LV mass increased across the groups, but when indexed by body surface area there were no longer any differences. Weight became a more significant predictor in children with the largest body mass index; in group 3 it was the sole predictor. Significant hemodynamic predictors included heart rate (inversely correlated) in group 2 and systolic blood pressure in group 1. LV mass was highly dependent on weight in all three groups but was not otherwise related to markers of obesity. In all groups, skin-fold thicknesses were inversely associated with LV mass, although in group 3 this was not statistically significant (p=0.06). This suggests that in thinner children, lean body mass (represented by the inverse of suprailiac skin-fold thickness) is a more important determinant of LV mass than it is for heavier children.
Discussion
In the present study of LV mass in 243 eleven-yearold children, we found that 1) weight, but not ponderos- Our findings are of general interest because although hypertensive heart disease is well described, the early developmental stages are not well understood. 13 In adults and in children, body size and obesity may confound the classification of normal versus abnormal LV mass, making it difficult to know the independent effect of variables such as blood pressure on LV mass. By studying a group of preadolescent normotensive children with a body size distribution similar to that of the general population of 11-year-olds,14 we minimized the potential confounding effects of puberty and body size.
Anthropometric and Hemodynamic Variables
In our study, the following variables explained 49% of the variation in LV mass: weight, suprailiac skin-fold thickness, sex, heart rate, and systolic and diastolic blood pressure. Suprailiac skin-fold thickness and heart rate were each inversely correlated with LV mass. The strong inverse relation between skin-fold thickness and LV mass (overall and by sex) has not previously been shown in children. LV mass was more dependent on the inverse of suprailiac skin-fold thickness in every analysis than on total or other individual skin-fold thicknesses. This suggests that in our study, suprailiac skin-fold thickness was the most useful indirect measure of total body fat. Boys had a lower resting heart rate and less total skin-fold thickness than girls and had a greater LV mass. Systolic blood pressure was a determinant in boys but not in girls. Weight was a stronger predictor in girls, and perhaps this variable, which is highly correlated The regression coefficient for sex in the overall equation for LV mass was significantly different from zero, indicating that sex explains a portion of the variation in LV mass that is not explained by other measured variables. Unmeasured variables that might also contribute to this sex difference include differing genetic influences23 and adrenal androgen levels.24 Supporting a hormonal influence on LV mass is the finding that at menopause, the increase in LV mass related to age is accelerated in women. 22 
Conclusions
We found that in preadolescent children, LV mass is directly related to weight and male sex and inversely related to resting heart rate and body fat. Our data suggest that body size, and in particular lean body mass, explains much of the variability in cardiac growth seen in children. Hemodynamic variables contribute more to LV mass in thinner children and in boys; weight is a stronger predictor in bigger children and in girls. The reason for a greater LV mass in preadolescent boys is not well explained. It may relate to sex differences in genetic regulation, in physical conditioning, and/or in lean body mass. The potential roles of other hemodynamic variables, such as stroke volume and systemic vascular resistance, and of hormonal control on cardiac growth warrants further investigation.
